Dry and powdered rhizomes of Acorus calamus L. were extracted with ultrasonic bath using dichloromethane as solvent. Various concentrations (0.01-0.15 %) of the extract were determined for antifungal activity on PDA agar against Alternaria spp. isolated from leaf spot and Fusarium spp. isolated from wilt diseases of cruciferous vegetable, as well as Botrytis spp. isolated from gray mold rot of roses and Septoria spp. isolated from leaf spot of chrysanthemum. The results indicated that all of the molds examined were sensitive to Acorus calamus extract. The growth of all tested fungi was completely inhibited at the concentration of 0.10 % upward.
INTRODUCTION
Since ancient times, the rhizomes of Acorus calamus L. (sweet flag, Family Araceae) have been used extensively in traditional medicine. The plant is reputed for its stimulant digestive virtues, effective against stomach-ache, flatulence, and cough with sputum. The essential oil obtained from the rhizome is not only used as medicine, but also as fragrance in perfumes and as insecticide (Mazibur and Gerhard, 1999, Anonymous, 2001a) . Besides, the hydroalcoholic extracts plays an important role in food technology and as an antimicrobial and antifungal agent (Salaramp et al., 1980 , Anonymus, 2001a . Scientific reports on fungicidal activity are not numerous, but Willaman and Li (1970) , as well as Kapoor (1990) , mentioned activity in the alcoholic extract. Sardsud et al. (1992) indicated that Lasiodiplodia theobromae, a deteriorating agent of longan fruit, was inhibited by alcoholic extract of A. calamus at a concentration of 1.0 % on PDA agar. Tragoolpua (1996) also reported the effect of A. calamus alcoholic extracts on the growth of some plant pathogenic molds e.g.. Fusarium sp., Collectotrichum spp., Alternaria spp., and Aspergillus niger.
According to Perry (1980) A. calamus contained asarone, para-asarone, calamen, asarylaldehyde, sesquiterpene, methyleugenol, calameon, acorin, eugenol, calamenol, and n-heptytic acid. However the antifungal compound in this plant was unknown.
In the present work, the extract of dried rhizomes of A. calamus was analysed for its fungicidal activity against Alternaria spp., Fusarium spp., Botrytis spp. and Septoria spp. They were also separated for active compounds by TLC-bioassay, using Cladosporium cladosporioides as the tested fungus.
MATERIALS AND METHODS

Plant Material
Rhizomes of A. calamus were dried at 60°C for 3 days and powdered with mortar.
Microorganisms
The fungi used for testing the antifungal property of A. calamus extract in this study were Alternaria spp. isolated from leaf spot and Fusarium spp. isolated from wilt disease of cruciferous vegetables, and Botrytis spp. isolated from gray mold rot of roses and Septoria spp. isolated from leaf spot of chrysanthemum. These molds were isolated in Chiang Mai. For biological assay of the plant extract on chromatogram Cladosporium cladosporioides was used. The spore suspension of this fungus was obtained from Microbiology Laboratory, Biology Department, Chiang Mai University.
Extraction
A. calamus dried powder was extracted with dichloromethane in ultrasonic bath for 45 min and concentrated by evaporation under reduced pressure with rotary evaporator at of 40°C.
Antifungal Assay
The crude extract was mixed with potato dextrose agar (PDA) in various concentrations (0 %, 0.01 %, 0.03%, 0.05 %, 0.10 %, and 0.15 %). These PDA media were dropped into the wells of sterile concave slides (100 µl/well). The spores of each tested fungus were then inoculated and incubated at 25°C. After 2-3 days, the fungal growth was measured every day with ocular micrometer under stereomicroscope until the growth of the control slide was completed. Data were calculated as % inhibition of the growth of each pathogenic mold and analysed by Statistic Packages for the Social Science (SPSS).
% inhibition = 100-( r 2 x 100) R 2 r = radius of tested colony R = radius of control colony To examine the active compound, the crude extract was separated on a preparative thin layer plate, with toluene: ethyl acetate (93:7) employed as developing solvent. Each fraction was detected by UV-lamp (366 nm) and iodine vapour. The antifungal property of the extract was tested by spraying the Cladosporium cladosporioides spores on the chromatogram. The plates were then incubated in moist chamber for 3 days and the inhibition zone was measured for R f values of active constituents. The active band was purified and retested for antifungal activity.
Identification of Antifungal Compound
The purified antifungal compound was identified with a gas chromatography-mass spectrometer (GC-MS); HP6890 plus GC version A.03.07 Hewlett Packard 5973 Mass Selective Detector employing the following conditions: column: HP-5 MS, 30x25 mm ID, 0.25 µm film thickness; carrier gas: helium (1.3ml/min); injector and ion-source temperatures were 250°C and 230°C respectively. The oven temperature was programmed from 100°C (isothermal for 1 min), with an increase of 20°C/min to 240°C, ending with 12 min isothermal at 240°C. The active compound was identified by comparison of mass spectrum obtained with the library database.
RESULTS
All of the molds examined, i.e. Alternaria spp., Fusarium spp., Botrytis spp. and Septoria spp. were found to be sensitive to A. calamus extract. The growth of these pathogens was completely inhibited at the concentrations above 0.10 %. Alternaria spp.
and Fusarium spp. show and approximately even and high sensitivty to A. calamus extract, higher, than Botrytis spp. and Septoria spp. among which Septoria spp. was the least sensitive (Table 1) .
Separation of the crude extract on thin layer plate and using Cladosporium cladosporioides as diagnostic fungus indicated that the inhibitory band was at R f ≅ 0.40-0.70. After purification and retesting of the active compound the R f of the inhibition zone was found to be 0.67-0.71.
Analysis of the purified active compound by GC-MS revealed a peak at RT = 6.44 (Fig. 1) . The mass spectrum of this peak (Fig. 2) was identified as β-asarone, cis-asarone, or cis-1,2,4-trimethoxy-5-(1-propenyl)-benzene.
DISCUSSION
The results indicated that all the tested plant pathogenic molds could be inhibited by A. calamus extract at all of concentrations. The best inhibitory effect was observed at concentration of 0.10 % upward. Among others, Kungha (1999) also indicated that alcoholic extract of A. calamus could inhibit Alternaria brassicae, Alternaria spp., Fusarium spp., Rhizoctonia spp. and Selerotinum spp. at the concentration of 0.10 % upward. Besides, Mongkolsawat (1996) found that A. calamus was most effective in inhibiting the growth of Collectotrichum spp.
The antifungal compound found in A. calamus is β-asarone which is considered to be the most biologically active compound in the rhizomes of A. calamus. In Europe, Karwowska et al. (1997) and Anonymous (2001b) reported the quantities of β -asarone to be 10-20 %, while in Asia it was found in the range of 70 to 90 %. However, A. calamus is presently classified as an unsafe herb for internal usage because A. calamus oil has been proved to be toxic and carcinogenic due to β-asarone (Willaman and Li, 1970 , Kapoor, 1990 , Riaz et al., 1995 , Anonymous, 2001b . Nevertheless, to find this structural compound with its biological activity could be a great help for chemical synthesis of analogous compounds which are non toxic and still active against pathogenic molds. 
